To improve the soft start-up performance of a scraper conveyor under different working conditions, the mathematical model of the torque for controllable starting transmission was established. e influences of start-up time, load values, and moment of inertia on the soft start-up characteristics of a scraper conveyor are analyzed. Based on the analytic hierarchy process (AHP), the new evaluation system of soft start-up optimization for hydroviscous drive applied to a scraper conveyor is proposed. rough the joint simulation platform of MATLAB and Isight, the two-parameter control model for soft start-up time is established using the method of experimental design and simulated annealing algorithm. e optimal start-up time under different conditions is determined, and soft start-up is optimized. e results show that with increasing start-up time, the objective function value of soft start-up performance decreases first and then increases. Under different flywheel inertia and load conditions, there is an optimal start-up time that minimizes the objective function for better soft start-up performance. e optimal start-up time decreases with increasing load, and the optimal start-up time decreases monotonically with the input flywheel inertia. is research provides a new method and theoretical basis for the modeling and performance optimization of soft start-up for hydroviscous drive applied to a scraper conveyor.
Introduction
Scraper conveyors often encounter overload, chain clamping, and chain breaking during operation. It is necessary to protect the transmission system during shutdown. erefore, scraper conveyors are started under different loads, and this puts forward higher requirements for soft start-up technology. e hydraulic-viscous drive (HVD) with controllable starting transmission can make full use of motor maximum peak torque and the input moment of inertia to realize scraper conveyor soft start-up function. e output torque and speed of the drive system are controlled by the HVD. In the process of soft start-up, the HVD oil pressure control and start time have significant influence on the soft start-up performance. erefore, it is necessary to optimize the soft start-up of scraper conveyors in order to obtain the optimal start-up time and control scheme under different working conditions. Many researchers have analyzed the dynamic characteristics of scraper conveyors during start-up. Due to difficulty starting scraper conveyor driving systems, a soft start system was researched and developed [1] . Based on ADAMS, a virtual prototype scraper conveyor model is built, and a start, brake, rated, and abnormal load dynamic analysis is carried out [2] . With full loading, the dynamic characteristics of a scraper conveyor were simulated under direct start, controlled start, freewheel, brake, and restart conditions [3] . rough the scraper conveyor system dynamics, the test conditions were tested [4] . It is best to reduce the starting fluctuant load by controlling the conveyor starting types [5] .
Meanwhile, some relative research works with hydroviscous drives are presented. e dynamic transmission of the oil film in the soft start process of a hydroviscous drive between the friction pairs with the consideration of surface roughness was analyzed [6] . e influence of groove structure parameters on shear torque was analyzed [7] . Meng studied the variations in the oil film load capacity, temperature, and the torque generated by the oil film during the starting process [8] . Meng and Hou also developed equipment and carried out a number of experiments to reveal the effect of working oil temperature, load, and starting time on a hydroviscous drive speed-regulating start [9] . Chen et al. obtained that the nonlinearity of the pressure performance curve is one key cause of the poor start-up smoothness [10] . Cui et al. studied the influence of the fluid-inertia item on the HVD dynamic transmission [11] . e Isight integrated optimization design platform of friction pairs in HVD was built, and the groove structure parameters were optimized [12] .
In addition, the research on start-up performance optimization mainly focuses on hydraulic torque converters and automobiles. To study the influence of double arc oil groove parameters on oil film torque in hydroviscous drives, Cui et al. built a numerical simulation and parameterized analyzing platform [13] . Two different collaborative optimization models of a gear reducer are built separately in the multidisciplinary design optimization software Isight [14] . With AMESim integrated into the Isight platform, Ma et al. analyzed the parameters of a shock absorber model [15] . Yang et al. carried out a multiobjective optimization for improving the behavior of handling and ride comfort [16] . Shi and Sun presented an automatic optimization strategy by integrating four pieces of software in the Isight platform [17] . Xiao et al. carried out the turning test of stainless steel by using the central composite surface design of response surface method [18] . An optimal mechanism is obtained by an optimization method combining ANSYS with MATLAB to accomplish the multiobjective optimization of the flexure hinge mechanism [19] . Based on the optimization method, a study is performed for different thickness of plate to obtain the corresponding roller velocity [20] .
However, at present, with the increase of carrying capacity of the scraper conveyor, it is difficult to meet the start-up requirements under different working conditions with fixed start-up time. In order to improve the soft start-up performance and reduce the start-up impact and sliding loss power of the scraper conveyor under different loads, the optimal start-up time under different loads is determined through the establishment of soft start-up optimization evaluation system and two-parameter control model of soft start-up time.
Taking the HVD soft start-up process for a scraper conveyor as the research object, the mathematical model of the controllable starting transmission torque and the evaluation system for soft start-up optimization are established. e impact, sliding friction work, and utilization rate of the inertial start-up are taken as evaluation indexes, respectively, to analyze the influence of start-up time, moment of inertia, and load on the start performance. Using the optimization method of experimental design and simulated annealing algorithm, the response surface model of soft start-up time taken into account to the variables of load value and flywheel inertia is established, and the optimal start-up time under different conditions is finally determined, which can realize performance analysis and design optimization of the soft start-up for the scraper conveyor. us, this paper proposes an optimization scheme of soft start-up time using the joint simulation of MATLAB and Isight to enhance the soft start-up performance of a scraper conveyor.
is paper is organized as follows. Section 2 presents the mathematical model of the controllable starting transmission torque. In Section 3, the evaluation systems for soft start-up performance are established. In Section 4, the influences of start-up time, load values, and moment of inertia on the soft start-up characteristics of a scraper conveyor are analyzed and a two-parameter control optimization model for soft start-up time is constructed. Finally, conclusions are drawn in Section 5.
Mathematical Model
e scraper conveyor can be soft-started using a controllable starting transmission. e mathematical torque models for electromechanical-hydraulic coupled systems are established. e matching relationship of the driving motor, HVD, and scraper conveyor in the soft start-up process is analyzed for the best soft start-up scheme under different working conditions and to obtain the optimal start-up time.
Torque of the Scraper Conveyor.
In the scraper conveyor torque model, the load distribution, running resistance, and resistance coefficients are analyzed [21] . According to the empirical equation, the relationship between load torque T L and sprocket speed ω L during scraper conveyor start-up is as follows:
where W is the running resistance; r is the sprocket radius; J is the load equivalent moment of inertia J � (q 2 a L + q b L 1 )r 2 ; q a is the unit length mass of the scraper and scraper chain; q b is the unit load distribution; L is the laying length of the scraper conveyor; and L 1 is the coal length of the scraper conveyor.
By using the Goodell test, the friction coefficient between the scraper chain and chute can be obtained as μ ss � 0.28 − 0.0375V; the coefficient of friction between coal and chute is μ cs � 0.39 − 0.00625V; the coefficient of dynamic friction between coal and coal is μ cc � 0.84. erefore, the load side equivalent resistance coefficient μ 1 and the no-load side equivalent resistance coefficient μ 2 are
where V is the chain speed; λ is the lateral pressure coefficient; and N is the lateral pressure of coal.
HVD Torque.
e structure of the HVD friction pair is shown in Figure 1 . e braking torque of friction pairs in HVD during soft start-up consists of two parts: oil film shear torque T h and rough contact torque T c . Because there are double arc oil grooves on the surface of the friction disc, the effective area coefficient ψ is defined as the ratio of the area of nonoil grooves to the total area, and the contact area ratio B is fully taken into account. en, the braking torque between friction pairs during soft start-up is as follows [11] :
where n is the number of friction pairs; ω is the difference in rotation speed between static and dynamic friction plates; R 1 and R 2 are the inner and outer diameters of the friction pair, respectively; μ is the dynamic viscosity of lubricating oil; h is the oil thickness; f is a friction coefficient f � 0.13 − 0.008 ln ω; and p c is the pressure when two rough surfaces come into contact [22] . e contact area ratio of the friction pair is defined as B. e friction pair surface roughness obeys a Gaussian probability distribution, so the ratio of real to nominal contact area is [22] B � π 2 ηRσ * 2
where η, R, and σ * are the peak point density of the rough surface, the radius of curvature, and the mean variance of peak height, respectively, and H is the ratio of film thickness, H � h/σ. Greenwood and Tripp built a GT model based on a G-W model [23] and derived the pressure of contact between two rough surfaces p c :
and E ′ is the equivalent elastic modulus of a friction pair.
Torque of Planetary Transmission.
e schematic figure of the planetary gear transmission in HVD is shown in Figure 2 . e dynamic equation is as follows:
where the subscripts S, R, and C represent the sun wheel, inner gear ring, and planet carrier, respectively, J is the moment of inertia, ω is angular velocity, and T t is the solar wheel input torque.
Evaluation System
As the power transmission system for a scraper conveyor, the controllable starting transmission has the very important functions of soft start-up with load and inertial start with maximum motor torque. e complexity of working conditions and uncertainty of scraper conveyor load during start-up put forward higher requirements for the controllable starting transmission soft start-up process. At present, there is no uniform regulation on the evaluation methods and indices of the soft start-up process. is study mainly evaluates the soft start-up process from three aspects: reducing the thermal load of the friction plates, improving the inertial start-up utilization rate, and reducing the start-up impact.
Evaluation Index.
In the process of soft start-up for the scraper conveyor, the sliding friction work produced by the soft start-up has a significant influence on the thermal load of the HVD. erefore, the sliding friction work can be used as an evaluation index for soft start-up. At the same time, the driving motor provides large load and inertial moments for the scraper conveyor through the HVD, and the impact and Mathematical Problems in Engineering utilization rate of inertia start-up can be used as evaluation indices.
Considering the stability, rapidity, and reliability of the HVD soft start-up process, the following indices are evaluated.
Impact Degree.
e impact degree in the HVD mainly refers to the rate of angular acceleration change for the moving friction plates with the internal gear ring from dynamic to static. Its mathematical expression is as follows [24] :
According to the equation, the impact degree is mainly determined by the rate of clutch output torque change, and the clutch torque change is mainly determined by the load scraper conveyor torque change. erefore, the load, soft start-up speed, and start time have a significant influence on the impact degree. According to the literature [25] , the recommended impact degree in China is 17.64 m/s 3 , whereas in Germany, it is 10 m/s 3 for automobiles. erefore, the start-up time should not be too small on the premise of satisfying the load start-up.
Sliding Friction Work.
Sliding friction work refers to the work consumed by the thermal load generated from the sliding transfer torque of the static and dynamic friction plates during the soft start-up process. Its mathematical expression is as follows:
where T ch is the friction torque transferred by the HVD, Δω is the angular velocity difference between dynamic and static HVD friction plates, and t 1 and t 2 are the moments when the clutch static and dynamic friction plates start sliding and when the HVD friction plates become synchronous, respectively. e HVD transmits torque through the shear oil film and rough surface contact. Sliding friction increases the temperature of the static friction steel sheet and paper-based dynamic friction plates and accelerates their wear and warpage. erefore, the sliding time should be shortened to realize quick HVD combination.
Utilization Rate of Inertia Start-Up.
e utilization rate of inertia start-up refers to the percentage of torque provided by the motor inertia and flywheel at the driving end in the driving torque. e index represents the starting capability of the controllable starting transmission. e mathematical expression is
where J 0 is the input equivalent moment of inertia, ω n is the driving motor speed, and i is the transmission ratio.
It can be seen that the utilization ratio of inertial startup is mainly related to the input equivalent moment of inertia, start-up time, and load. erefore, increasing the moment of inertia and shortening the start-up time effectively improve the utilization ratio for inertial start-up. rough the analysis of the above three evaluation indices, we can see that the start-up time directly affects the quality of the soft start-up process. When the start-up time is long, the clutch combination process and output torque are stable and the impact is small, but the utilization rate of inertia start-up is low, and the starting capability decreases under heavy load conditions. When the sliding friction work increases, the temperature of the friction disc increases significantly, this affects the output torque and component reliability. Load and the input equivalent moment of inertia affect the HVD evaluation index at the same time, so start-up time, scraper conveyor load (i.e., coal-laying length at start-up time), and input equivalent moment of inertia (i.e., flywheel inertia) are taken as parameter variables to optimize the soft start-up quality for HVD.
Optimization Model.
According to the analysis of factors influencing soft start-up optimization, soft start-up is carried out based on the s-type velocity curve of the scraper conveyor. Start-up time T, flywheel moment of inertia J 0 , and coal-laying length of the scraper conveyor L 1 can be selected as the variables for optimal design.
A multiobjective optimization method is used to optimize the soft start-up process, and its evaluation indices are impact degree, sliding friction work, and starting capability.
e multiobjective function is solved by the method of linear weighted sum, and the single-objective evaluation function S is constructed. Its expression is as follows:
where w 1 , w 2 , and w 3 are weighting coefficients for impact degree, sliding friction work, and starting capability. In calculation, it is necessary to normalize the parameters linearly since the dimension and magnitude of each target are different:
where j ′ is the relative value of the normalized impact degree; [j] is the allowable value of impact degree; W C ′ is the relative value of the normalized sliding friction work; and W C min and W C max are the minimum and maximum values of the variation range of sliding friction work, respectively. e value of starting capability reflects the quality of the soft start-up process. e larger the value is, the better the startup performance will be. To achieve a unified optimization objective, the relative value of starting capability is defined as 4 Mathematical Problems in Engineering
erefore, the normalized optimization objective function is
3.3. Weight of Evaluation Index. e above three evaluation indices are not equally important in the soft start-up process.
ey can be coordinated according to the matching characteristics of the controllable starting transmission and scraper conveyor. Generally, the weight of the impact degree can be increased when the steady start of load is more important. e weight of sliding friction work should be increased appropriately when the reliability of the HVD is emphasized. e utilization rate of inertia start-up can be increased appropriately when the load start performance is emphasized under heavy start conditions. is research will determine the weight of each evaluation index based on the analytic hierarchy process (AHP) and quantitatively analyze the optimum performance for the soft start-up process [26] . e AHP is more suitable for target systems with a hierarchical and staggered evaluation index. e main steps of the AHP are as follows: (1) analyzing and establishing the hierarchical structure model; (2) constructing all judgment matrices in each level and calculating the weight of each index; and (3) conducting a consistency test.
Hierarchy Structure Model.
Combined with the optimization model, the evaluation indices are discussed, and a hierarchical structure model is established for the optimization of soft start-up as shown in Figure 3 . Figure 3 , we see that the hierarchical structure reflects the relationships among the indicators. However, the proportion of each evaluation index in the target measurement is different. e 1-9 scale of professor Saaty [26] is used to construct the judgment matrix. e relative importance of indices is determined by the 9/9∼9/1 scale method, and the meaning of each scale is shown in Table 1 .
Weight Calculation. From
According to the analysis of load soft start-up, the relative importance of the three evaluation indicators is reasonably sorted. e relative importance between the two evaluation indicators is evaluated according to the expert scoring principle and quantified according to the scale meaning of Table 1 . When the stability and rapidity of start-up performance are emphasized, the decision-making judgment matrix J is established as shown in the following equation:
j ′ 9/9 9/6 7/9 6/9 9/9 4/9 9/7 9/4 9/9
3.3.3. Consistency Test. e judgment matrix J can objectively reflect the difference in the magnitude of each index's influence on the other, but there is inevitably some inconsistency among these values. erefore, the consistency test is needed to determine whether the matrix is reasonable or not. e quantitative indicators to measure the consistency of the judgment matrix are consistency index (CI), average random consistency index (RI), and consistency ratio (CR) [27] . e maximum eigenvector of the judgment matrix J is λ max � 3.0026, and its corresponding eigenvector is as follows: W � 0.5562 0.3522 0.7528 . When the order of judgment matrix n is 3, the average random consistency index RI is 0.58.
So, we get
When CR < 0.1, the inconsistency of judgment matrix is acceptable. erefore, the judgment matrix J satisfies the consistency requirement, and the relative weights of the eigenvector W corresponding to the maximum eigenvalue are η ′ , W C ′ , and j ′ in turn.
Analysis of Optimization Results

Optimization Process.
e objective of soft start-up optimization for a controllable starting transmission is to optimize the start-up within the range of parameter variable design without exceeding the allowable evaluation index value. According to the analytical expression, the relationship between objective function and design variable is analyzed by integrating multiple simulation platforms, and the optimal objective function value is obtained to realize the optimal design for parameter variables.
Taking the controllable starting transmission torque mathematical model as the research object, using MATLAB to calculate each index of the soft start-up process, combined with the Isight optimization simulation platform, the parametric model for objective function, design of experiment (DOE), response surface model (RSM), and simulated annealing optimization algorithm are established. rough this platform, the influence of design variables on soft start-up performance is analyzed, and the parameters are optimized.
To study the optimization of the scraper conveyor soft start-up process, three evaluation indices and three parameter variables are proposed. e experimental design of parameter variables is carried out using a limited number of Mathematical Problems in Engineering sample points, and the parameter tables are constructed by combination within the allowable range. In the MATLAB cycle calculation module, all kinds of combined models are calculated. After data extraction, the database of impact degree, sliding friction work, utilization rate of inertia start-up, and objective function of HVD under different parameter combinations can be obtained, and the main and interaction effect analysis for each parameter variable can be carried out.
en, the approximate response surface model for parameter variables and objective function is constructed by regression, fitting, and interpolation. e optimal start-up time of the objective function on the approximate response surface is obtained by optimizing the approximate model. e integrated optimization design process is shown in Figure 4 .
Results and Discussion.
e soft start-up performance of the scraper conveyor controllable starting transmission is mainly based on the analysis of three influencing factors: load value, start-up time, and flywheel inertia. To accurately analyze the main and interaction effects of the three factors on start-up performance, 200 horizontal test data of the three variables are constructed by the Latin square test method. Soft start-up performance analysis and optimization design are realized by iterating the program repeatedly through the integrated optimization design platform of Isight and MATLAB. Figure. A Pareto figure reflects the percentage of contribution of all parameter variables to each response in the model after sample fitting. It is characterized by the influence of independent variables on dependent variables, such as the linear correlation, square correlation, and interaction response of independent variables. e blue bar represents a positive effect, indicating that with increasing parameter variables, the evaluation index also increases. e red bar represents the negative effect, indicating that the evaluation index decreases with increasing parameter variables.
Pareto
From the analysis of the objective function ( Figure 5(a) ), the quadratic effect of soft start-up time has the greatest correlation (39.75%). e linear positive effect of load and start-up time and the positive effect of interaction between load and start-up time are, respectively, 28.65%, 14.32%, and 10.42%. e larger the parameter variable is, the bigger the at is, the impact degree decreases, and the starting capability decreases. e load and flywheel inertia are positive effects, indicating increased impact degree and starting capability. From Figure 5(d) , it can be concluded that the factors influencing sliding friction work are only related to start-up time and load, and both are positive effects. With the increase in start-up time and load, the sliding friction work increases. erefore, the impact degree, starting capability, and sliding friction work of the evaluation index are contradictory, and the optimization results are not a linear superposition of the optimal values of the three. To obtain the optimal solution of the objective function, it is necessary to analyze each influencing factor.
Main Effect Analysis.
e main effect figure is the relationship between parameter variables and evaluation indices. In the experimental design, the slope of the parameter variable in the main effect figure is consistent with the contribution of the Pareto figure variable. e value of the main effect is expressed as the influence of the parameter variable on the response of the objective function. Figure 6 shows the main effect of each parameter variable on the soft start-up performance objective function and each evaluation index. According to the figure of the objective function, with increasing start-up time, the objective function value tends to decrease first and then increase. at is, under the condition that the flywheel inertia and the load are fixed, the optimal start-up time value exists, and the average value of the objective function is the minimum when the start-up time is 5.5 s.
At different load levels, the average trend in the objective function value monotonically increases. With increasing load, the objective function increases, indicating that the soft start-up performance deteriorates under heavy load. However, when the flywheel inertia is at different levels, the -10 0 10 20 30 40 objective function value tends to decrease first and then increase. At the same time, the effect of start-up time on the objective function is the largest, followed by the load, and the flywheel inertia has the smallest effect.
Analysis of Interaction Effects.
According to the main effect analysis, the interaction effect reflects the relationship and degree between the interaction of two parameter variables and the response of the objective function. In the interaction effect figure, if two lines are parallel, it means that there is no interaction. If the two lines are not parallel or cross, there is an interaction. e degree of nonparallelism reflects the strength of the interaction. Figure 7 shows an analysis of the interaction effect for each parameter variable of the objective function. e black line indicates that the parameter variable takes a smaller value, and the blue line indicates that the parameter variable takes a larger value. In the interaction effect analysis figure for the three factors, the lines are not parallel, indicating that the interaction effect is relatively significant. In Figure 7(a) , when the load is small, the response objective function changes obviously, which indicates that the interaction effect between load and start-up time is strong under light load. Similarly, in Figure 7 (b), the longer the start-up time, the stronger the interaction effect between start-up time and flywheel inertia. As seen from Figure 7 (c), the interaction effect curves intersect, which indicates that the interaction effect between load and flywheel inertia is stronger under heavy load.
Response Surface Model.
rough the experimental design of soft start-up performance parameter variables and the analysis of the main and interaction effects of the objective function, it can be seen that start-up time, load, and flywheel inertia have different effects on start-up performance. To optimize the performance of hydroviscous soft start-up and obtain the optimal start-up time and scheme, it is necessary to construct an approximate response surface model of the objective function for each parameter variable.
e approximate response surface model is designed using polynomial functions, which can be first, second, third, and fourth order. e first to the fourth-order response surface approximation model was used to fit the sample data, and 10 sample points were randomly selected. e accuracy of the model was analyzed by comparing the average, maximum, and root mean square error and the R 2 fitting degree. Finally, the approximate response surface model was determined and the optimal solution of the objective function was obtained. e results are shown in Table 2 . e R 2 fitting degree reflects the degree to which the model conforms to the actual response value. From the table, it can be seen that the response surface fitting of the ternary quartic regression equation has high reliability. erefore, the response surface equation of the soft start-up performance objective function with respect to parameter variables is constructed as follows:
According to the response surface equation of the fitted objective function, the influence of start-up time, load, and flywheel inertia on soft start-up performance can be obtained, as shown in Figure 8 . From Figure 8(a) , it can be seen that the light load condition has better soft start-up performance compared with heavy load condition. When the load and flywheel inertia are fixed, the objective function decreases first and then increases with the increase in the start-up time. erefore, the optimal soft start-up performance of the scraper conveyor can be obtained by optimizing start-up time under specific conditions. Figure 8 (b) shows that the objective function decreases monotonically with the decrease of load and decreases first and then increases with the increase of flywheel inertia. Figure 8(c) shows that the flywheel inertia and start-up time have optimal solutions to minimize the value of the objective function under fixed load. us, the optimal start time can be determined to improve the scraper conveyor soft start-up process under the combined influence of loads and flywheel inertia. 
Optimization of Start-Up Time.
rough theoretical calculation and simulation analysis, it can be seen that the start-up time has an obvious effect on the start-up performance of the scraper conveyor. e optimal start-up time should be adjusted according to the load and flywheel inertia so as to optimize the soft start-up performance of the scraper conveyor.
When the flywheel inertia is fixed, the start-up time is analyzed and optimized, and the minimum objective function under different loads is determined. e optimization results are shown in Table 3 . From the table, it can be seen that the optimized start-up time decreases with increasing load. e utilization rate of inertia torque increases with the decrease of start-up time, which is conducive to the performance of start-up. At the same time, the sliding friction work and impact degree increase, but both are within the allowable range.
When the load is full, the start-up time is optimized for different flywheel inertia values. e results are shown in Table 4 . With the increase of flywheel inertia, the optimal start-up time corresponding to the optimal objective function value decreases, the impact degree and the utilization rate of inertial torque increase significantly, and the sliding friction work decreases in a small range. From the objective function value, it can be seen that under full load, the optimal value of flywheel inertia is approximately 60. erefore, in order to avoid affecting the soft start-up performance, the value of flywheel inertia should not be too large.
According to the comparative analysis, soft start-up performance and the optimal start time are different under different conditions. In the process of soft start-up of the scraper conveyor, due to the difference of loads and flywheel inertia, it is difficult to obtain the optimal performance of soft start-up with fixed start-up time. erefore, it is necessary to study the influence of parameter variables on startup time under multiple working conditions and get the twoparameter equation of optimal start-up time by a fitting method. e optimal start-up time of multiple discrete working conditions can be obtained by experimental design and simulated annealing algorithm. e coal-laying length of the scraper conveyor and the input moment of inertia are taken as parameter variables, and the two-parameter calculation model of start-up time for the soft start-up process is obtained by the surface fitting method.
By fitting the output data, the response surface model of the soft start-up process start-up time with respect to twoparameter variables is constructed. By comparing the fitting surfaces of different orders, the reliability of the start-up time cubic fitting surfaces is the highest. e average error between the fitting equation and the sample points is 0.125%, and the fitting degree is 99%. e fitting results are shown in 
According to the fitting equation and surface, the optimal start-up time decreases with increasing load. e starting torque required for soft start of scraper conveyor under heavy load condition increases. Reducing the start-up time can effectively increase the inertial start-up torque and make full use of the input moment of inertia and the peak torque of the motor to start up. e optimum start-up time decreases monotonically with the decrease in the input moment of inertia. Under the same load, the larger input moment of inertia can store larger energy before the startup. e increasing start-up time can reduce the influence of the soft start-up impact degree. In contrast, when the input moment of inertia is small, it is necessary to increase the starting angular acceleration to improve the inertial start-up torque. e optimization model can be applied to the soft start-up of scraper conveyor under different loads and flywheel inertia. Optimized start-up time of scraper conveyor can effectively utilize inertia torque, reduce sliding friction work and impact degree, and greatly improve the soft startup for hydroviscous drive applied to the scraper conveyor.
Conclusion
In order to improve the soft start-up performance and obtain the optimal soft start-up time of the scraper conveyor under different working conditions, the evaluation system for soft start-up performance is established based on the analytic hierarchy process.
rough the joint simulation platform of MATLAB and Isight, the two-parameter control model for soft start-up time is established using the method of experimental design and simulated annealing algorithm. e optimal start-up time under different working conditions was determined, which provides a new method for optimizing the soft start-up performance of the scraper conveyor. e conclusions are as follows:
(1) When the soft start-up time of scraper conveyor is long, the output torque is stable, but the utilization rate of inertia start-up is low, and the sliding friction work increases. On the contrary, when the start-up time is short, the impact degree increases, the inertia utilization ratio is high, and the sliding loss power is small. (2) e most significant factor affecting soft start-up performance of scraper conveyor is the start-up time.
With the increase of start-up time, the objective function value of soft start-up performance decreases first and then increases. ere is an optimal start-up time under different flywheel inertia and load values, which minimizes the value of the objective function with better soft start-up performance. (3) Optimal start-up time can be determined by the response surface model for the soft start-up time, which takes into account the variables of load value and flywheel inertia. e optimal start-up time decreases with increasing load, and the optimal start-up time decreases monotonically with the input flywheel inertia. (4) e optimized start-up time can greatly improve the soft start-up for hydroviscous drive. e optimization model established by joint simulation platform can be applied to the soft start-up of scraper conveyor under different loads and flywheel inertia.
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